(1) simple Regge pole models using only leading Regge exchanges cannot describe the data; polarizations that had previously eluded the weak 12,13 and strong 11 absorption models. In the DAM, the imaginary part of the Regge exchange s-channel nonflip amplitude is assumed to have an approximate ftJo'l behavior with an absorption n zero at -t PI 0.2 GeVL ("crossover" zero). The extractions of this amplitude from the data, both for crossing-odd (p, w'), 2g' 3o and even (f') 31 Regge exchanges, have proven to be in good agreement with this prediction. The helicity flip amplitudes in the DAM are expected to be nearly Regge-like, in agreement with elastic polarization data and the differential cross sections for n-p + Ton and r-p -non.
Despite these successes the DAM provides no simple prediction for the real part of the s-channel helicity nonflip amplitude. Apart from nN scattering, 18
little is known about this component of the scattering amplitude.
In the present analysis we empirically determine this amplitude, and simultaneously obtain a comparison of the DAM to the reactions:
r-p -Ton r-p -non KLP -K;P
and to the pairs of s-u crossed reactions: The purpose of our analysis is to investigate whether a consistent and simple description of the above reactions can be found in the momentum transfer interval, 0 < -t < 1 GeV2, and in the momentum interval from -4 to -18 GeV/c.
--
The scattering amplitudes are determined for each of the above reactions.
Processes related by s-u crossing are then compared in a manner that explicitly includes the effects of absorption.
Tests of exchange degeneracy 32 are possible therefore, without having to rely on the predictions of simple Regge models implicit in previous comparisons.
33,34
We have also compiled the strangeness exchange data for reactions (5) and (6) in the momentum interval -3 to -16 GeV/c. Certain general features of the data are noted to have direct implications on the structure of the helicity amplitudes. These systematics of the data are compared to the results of the DAM, and to the predictions of Regge pole and Reggeabsorption models.
PARAMETERIZATION OF THE DUAL ABSORPTIVE MODEL
The dual absorptive model has been previously described by Harari.
25,26
The features of this model are largely extracted from the data and include in a direct manner the effects of absorption. 35
The s-channel helicity amplitudes initially suggested by Harari 
To remove the difficulties of Eq. (9) that occur when the zeros of the Bessel (9) function and the singularities for integer values of o(t) do not precisely coincide, We note that the r and A parameters in Eq. (8) and Eq. (10) are chosen to be independent of helicity; this restriction is consistent with preliminary fits to the data which allowed the r and A parameters to be different for the two helicity amplitudes.
The function p(Y) is defined to be zero and minus one at the first and second zeros of Jl(rfi) respectively:
P@') = PO + iy PO = g/(x; -xi) (11) p, = r'/(Xi -X21) 9
where Xl (X2) is the position of the first (second) zero of Jl(X). For our fits to the data, the parameters in Eqs. (8) and (9) are: the coupling constants, gab; the exponential slope parameters A, B; the polynomial coefficients a, b, and c; and the interaction radius r. The amplitudes have been defined to have the explicit energy dependence of Regge theory; o(t) is the "p" trajectory, a(t) = 0.5+0.9 t, and so is set equal to 1 GeV'. The model parameters are assumed to be independent of energy over the energy region studied. 3g These choices are suggested by the absence of an appreciable energy dependence in the polarization for the charge exchange and strangeness exchange data (see Figs. 3, 12, 13), together with the shrinkage of the differential cross sections observed in the same data (see Figs. 2, 16, 17) .
For the present analysis the differential cross section has been defined by: tw2 g -c 64 7rsq2 M I MLy, I ' mb/(GeV)' (12) where q is the center-of-mass momentum. 40 Finally, the polarization, P, and T and S parameters are given by 41 :
S= (iM &=()I2 -I"&A&l I")/ (IMLU=012+ IMah,l12)
DAM COMPARISON TO THE DATA
We first compare the DAM to nN charge exchange data to obtain a consistency check of the parametrical description of the amplitude structure described in Sec. 2. Many of the features of these amplitudes have already been determined by Halzen and Michael 18 in an analysis of a complete set of 11;N scattering data at 6 GeV/c. Having found that the o exchange amplitudes in the DAM are in agreement with previous studies, we then deal with reactions (2) -(4) which isolate p, w', and A2 exchanges. The analysis then turns to the K* and K** exchange reactions (5) - (6) . A brief review of the experimental data indicates the importance of absorption in these channels and suggests energy trends.
The K* and K** amplitudes are then determined, and compared to the p and A2 amplitudes.
Study of pa
Exchange Dominated Channels * The results of comparing the present model to the data for reactions (1) and (2) are shown in Figs. 2 and 3 . The parameters determined from these data are given in Table 1 , and the data sources are compiled in Table 2 . The energy and momentum transfer dependence of the differential cross sections and polarization are seen to be well reproduced by the model.
The corresponding amplitude structure evaluated at 6 GeV/c is shown in The absorption parameters r and A determined from reactions (1) and (2) (see Table 1 ) are observed to be in good agreement with the values found for co, w)' and f" amplitudes 29-31 from analyses of the nonflip amplitudes for elastic scattering. This agreement is interesting since in the present analysis these parameters are determined from helicity flip dominated processes.
This agreement also shows the consistency of our parameterization in Eqs. (8) and (10) where we assume that r and A are independent of helicity. We now consider the KN charge exchange reactions for which the amplitudes are assumed to be linear combinations of the vector and tensor amplitudes determined from the above fits to TN charge exchange and 7' production. Thus, in the model comparisons to the KN charge exchange data (see Table 2 ) only the coupling constants, and the parameters r and A are allowed to vary. The results for the differential cross section, shown in Fig. 5a , agree well with the data.
The model parameters found are presented in Table 1 . The predictions of SU (3) for the coupling constants (see Table 3 ) are also given in Table 1 and the agreement is observed to be good. They do suggest, however, that the polarization for K+n will be small, that the polarization for K-p will be negative in the interval 0.4 5 -t 5 1.0 GeV', and that the S and T parameters will be quite similar for K'n and K-p channels for -t ~0.5 GeV'.
The analysis of Martin, Michael and Phillips' using SU(3) to relate experimental data on charge and strangeness exchange reactions yields a similar prediction for K-p polarization, but suggests that the K+n polarization will be substantially larger than that shown in Fig. 5b . This would imply that the K+n amplitudes possess significant imaginary parts, which is not in agreement with the present determination of the amplitude structure (see Fig. 6 ).
The amplitudes determined from nN charge exchange have also been com- Table 1 . Solution 1 is observed to provide a good description of the differential cross section in the region -t '? 0,3 GeV', but for larger momentum transfers provides values that are too low.
An alternate solution, solution 2, is also shown in Fig. 7a and recorded in Table 1 . In this parameterization, the exponential parameter, A, has been varied to provide the best description of the KLp.-K$ data. The resulting value, A = -1.95 GeV -2 , is significantly different, however, from the previous results for TN charge exchange and no production. _
We note that the imaginary part of the nonflip amplitude is the dominant term for the reaction Klp -K"# as expected if it proceeds mainly by w"
exchange. 45 The zero in this term for -t N 0.2 GeV2 (the crossover zero)
produces a steep forward peak (slope parameter -10 GeV-'), and in addition tends to cause a dip in the differential cross section. However, the helicity flip amplitude does contribute in the vicinity -t -0.2 GeV2 such that the differential cross section exhibits a shoulder rather than a dip in this momentum transfer region.
The polarization predictions are shown in Fig. 7b and suggest that the K;P -K"# polarization will be negative for momentum transfers -t 5 0.6 GeV'.
The SU(3) f/d ratios for the vector nonet, given in Table 4 , have been determined by comparing the coupling constants for the reactions KLp -K"$ and 
Study of K* and K** Exchange Reactions
To investigate systematic trends in the TN -) K&X) and m -n(A,.Z) data and to study the momentum dependence of their differential cross sections, we have made a compilation of forward differential cross sections and slopes between 46 -3 and -16 GeV/c. These data, from references in Table 2 It is interesting to briefly examine whether standard Regge exchange models can account for the observed trends in the strangeness exchange reactions. Both A and 22 production are assumed to be described by K* and K** Regge exchanges in the t channel. 48 Simple Regge pole models with exchange degenerate K* and K** trajectories predict:
where Y represents either A or 2. This relation is observed to be approximately satisfied by all the data at +O and by the Z data for -t > 0, but disagrees with the A data away from the forward direction. Independent of exchange degeneracy, simple Regge models predict opposite signs of the polarization for EN and nN channels:
in disagreement with the data for both A and 2 final states. On the other hand, standard absorption models can reproduce the experimental polarizations 14, 16 but predict that dt "kT(KN + TS-)/$(TN -KY) <l in contradiction to observation (see Figs. 14 and 15). This result applies to both weak and strong absorption models, and arises from the subtractive nature of the absorptive corrections in these models. 14,15 In summary, no clear understanding of the reactions TN --L KY and KN -. 7rY is provided by the standard models.
Before making a detailed comparison of the DAM to the data, we first comment on the hypothesis of strong exchange degeneracy for the K* and K** exchanges. Since the s-channel in m -7rY is not exotic, duality does not require the K* and K** exchanges to be strongly exchange degenerate. The large polarizations observed in the EN channels, for example, disagree with strong exchange degeneracy. In contrast, the duality diagrams 27 (or equivalently, strong exchange degeneracy for KN charge exchange together with SU(3) symmetry and equal f/d values for vector and tensor exchanges) suggest that the amplitudes for the RN -7rY channels should be purely real, and studies of the low energy data do show an approximate averaging to zero of the imaginary part of the nonflip amplitude. 5o The present analysis using the DAM does not allow strong exchange degeneracy for the K* and K** amplitudes, however, as indicated by the following two observations:
(1) If the AX=1 amplitudes were strongly exchange degenerate, then the polarization for m -r( A$) would be:
The polarization would then be required to have (at least) the zero structure of Jo@&); in particular it would be zero for -t -0.2 GeV 2 51 . This feature is not observed in the present data (Figs. 12 and 13) which have polarizations in both A and E channels of -50% in this t region. A similar argument in the region -t -0.6 GeV' can be applied to the hypothesis of strong exchange degeneracy for the helicity nonflip amplitude and is also in disagreement with the DAM. (8) and (9) we have:
where the first (second) term is from the real (imaginary) parts of AV and AT.
Note that the contribution to Re (AVA;) fr om the M=l amplitude is zero since these amplitudes are defined to have Regge phases in Eqs. (8) and (9) . As seen in Eq. (16)) the imaginary parts of the amplitude considered alone would erroneously predict g@N-?iy)/$N -KY) < 1. The real parts therefore must contribute to make this ratio greater than one. In fact, the largest splitting of the following ratio of differential cross sections:
tends to occur for Re AV=ReAT.
We now turn to the parameterization used for the K* and K** exchange amplitudes in the DAM. The basic amplitude structure is assumed to be similar is an additional parameter used to obtain an adequate energy dependence. 53
The modifications are designed to preserve the "Jahf' structure while allowing the amplitudes to have the K* Regge phase at t=O. Analogous amplitudes apply for the K** (tensor) exchange.
We have also considered a second parameterization, hereafter called model 2, that partially relaxes the restrictions of model 1 (Eq. 17). For model 2 the the real part of the vector helicity flip amplitude is chosen to be:
Re M~&t) = g$/so) cr(t)+acr eAVt' (+rfi)(l+xt'+yt'2) ta.n~~c!(Oj (18) where x and y are parameters to be determined from the data. The tensor amplitudes are the same as in model 1. Note that for model 2 the M=l amplitudes can also contribute to the interference term evaluated in Eq. (16).
We now present the results of our analysis for the strangeness exchange processes.
In view of the difficulties in parameterization of the K* and K** exchange amplitudes, we regard the results presented as a representative, but not unique, determination of the amplitudes. The parameters for the .Z data and the A data have been found separately and are summarized in Table 5 . The differential cross sections for model 1 are compared to the .X reactions in GeV') . The slope parameters are seen to differ considerably depending upon the t region chosen, especially for the TN induced channels where differences larger than 1 GeV-a are found. These dependences on the t region may explain part of the scatter of the experimental slope values (see Fig. 9 and 11) and also may cause a spreading of the values for the forward differential cross sections that are determined by e&rapolation.
In particular,
we note that for the TN channels the model yields a smaller slope for region B than for region A whereas the opposite is true for the EN channels. Extrapolation of these slopes would then yield dt
*(RN -TY)&(TN -KY) > 1 at ti0 even
if the true value of the ratio were unity. This trend is in fact suggested by the 2 data shown in Fig. 8 .
The prediction for the S and T parameters for the 2 and A reactions are shown in Fig. 18 and 19 respectively. For the IZ data the two models are nearly indistinguishable, whereas for the A data the two models predict quite different tdependences. The measurements of the S and T parameters therefore would be essential in determining the true amplitude structure.
The s-channel helicity amplitudes, evaluated at 6 GeV/c, are shown in differ appreciably between the model 1 and 2 solutions (see Fig. 21 ). As noted above, the S and T parameter predictions for the A data are correspondingly quite different for the two models. The resultant amplitudes for specific II and A reactions are displayed in Figs. 22 and 23 ; the amplitudes for other strangeness exchange reactions are simply related by Table 3 .
Several observations may now be made from the amplitudes determined in the present analysis:
(1) Qualitatively similar structures in momentum transfer are found for p (A2) and K*(K**) amplitudes using the model 2 results. those determined for the co, w") exchanges (see Table 4 ). It is interesting to note, however, that if the coupling constants for the Z reactions are compared to those for the A reactions then f/d ratios are derived which are in good agreement with those found for the (p, w") exchanges.
SUMMARY AND CONCLUSIONS
The present analysis shows that a consistent description of pseudoscalarmeson baryon scattering can be achieved within'the amplitude framework of the dual absorptive model (DAM). The amplitudes determined in the present study reproduce well the data for reactions (1) - (6) The present analysis reproduces well the observed features of the strangeness exchange reactions (5) and (6), using the same basic amplitude structure for K* and K** exchanges as for p and A2 exchanges. However, the relation between coupling constants for the @, A2) exchange reactions and the (K*, K**) exchange reactions indicates that the K** is suppressed with respect to K* in disagreement with SU(3) predictions.
In the present formulation of the DAM, where nearly equal radii of interaction are used for vector and tensor exchanges, the suppression of K** relative to K* is needed in order to reproduce the large polarization observed in reactions (5) and (6) . The K**/K* ratio of couplings suggests that one should be cautious about applying SU(3) symmetry between the (K*, K**) and @, A2) exchanges.
In conclusion, the present formulation of the DAM provides a consistent picture of inelastic pseudoscalar-meson baryon scattering. In order to evaluate the validity of the amplitudes determined in the present analysis, further experimental work is necessary. Measurements which appear to be particularly needed for further progress are: (1) polarization for n-p -n On for -t> 0.2 GeV2, Fig. 4b , and a solution similar to the p amplitude, Fig. 4a . If the 7' polarization is calculated assuming ReMahcO < 0 for -t< 1.0 GeV2, the resulting polarization prediction is qualitatively similar to the curve in Fig. 3 but has a smaller magnitude in the region -t > 0.4 GeV2. 47. For example, see Table 3 where it is seen that an appropriate choice of SU (3) f/d ratios could account for the observed mirror symmetry.
48. In 2 production isospin 3/2 states can also contribute in the t channel. Such In separate comparisons of the DAM amplitudes to the IZ and A data values were obtained of Aa! = 0.12 and Aa! =O. 01 respectively. For the comparisons tabulated in Table 5 and shown in the figures the parameter Aol was fixed to the average of the IX and A results to simplify the evaluation of SU(3) f/d factors.
We have used a(t) = 0.5 +O. 9t and av(0) = 0.33.
54.
We note that the precise values of these ratios are significantly correlated to the choice for the phase of the amplitudes at t=O, which unfortunately is only poorly determined by the present data. This correlation is mainly due to the approximate equality, ReAV --ReAT(see discussion following Eq. (16) ), which implies the following ratio..for K* and K** coupling constants (see Eq. 2. Summary of experimental data references.
3. SU(3) relations for pseudoscalar-meson baryon scattering.
4. f/d ratios determined from model comparisons to the data.
5. Model parameters for strangeness exchange reactions.
I Table 1 Model 
e-e--w-- Table 3 SU ( 
(b) The Z amplitudes have been written assuming t channel exhanges with isospin 3/2 can be neglected. 
